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II - 1,2,4 -TRIMETHYLBENZENE 
By Earl R. Ebersole 


SUMMARY 

A new method for the synthesis and purification of a 14-gallon 
quantity of 1, 2,4-trimethylbenzehe is described. This method con- 
sists in the chloramethylation of m- and £-xylenes, subsequent 
formation of ethyl dimethylbenzyl ethers, and hydrogenolysis ctf the 
ethers to yield the hydrocarbon. A yield of 35 percent was obtained 
from a mixture of m- and £-xylenes and a 25~percent yield was 
obtained from commercial xylenes. Physical properties of the "best" 
gallon and of the engine sample of 1, 2, 4-trimethylbenzene are given. 
Evidence is presented for the existence of two crystalline modifica- 
tions of 1,2, 4-trimethylbenzenu. 


INTRODUCTION 

The synthesis and purification of 1, 2, 4-trimethylbenzene was 
undertaken in conjunction with a program that is being conducted at 
the Cleveland laboratory of the NACA on the study of aromatic hydro- 
carbons as possible components of aviation gasoline. The synthesis 
of n-butylbenzene Is reported in part I (reference 1) . 

Only two of the methods reported in the literature for the 
synthesis of 1,2, 4-trimethylbenzene were considered to produce the 
hydrocarbon sufficiently free of Its isomers to be readily purified 
for engine tests. Smith and Lund (reference 2) reported a 37 -percent 
yield from 2,4-dimethylaniline. The method reported by these authors 
involved the preparation of 2,4-dimethyliodobenzene by diazotization 
of the amine followed by addition of potassium iodide to the diazonium 
salt solution. From the 2,4-dimethyliodobenzene, 2,4-dimethylphenyl- 
magnesium iodide was prepared and condensed with dimethyl sulfate. 
Maxwell and Adams (reference 3) synthesized the hydrocarbon from 
2,4-dimothylbromobenzene (obtained from bromination of pure m-xylene) 
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in a similar manner by condensing dimethyl sulfate with the Grignard 
reagent. Because the starting materials were unavailable in suf- 
ficient- quantities, neither of these methods appeared suitable for 
large-scale synthesis of the hydrocarbon. 

A new method for the synthesis and purification of 14 gallons 
of 1, 2,4-trlmethylbenzene from readily available starting materials 
is described herein. In brief, the synthesis consists in the 
chloromethylation of xylenes, the conversion cf dimethylbenzyl 
chlorides obtained to the corresponding ethyl dimethylbenzyl ethers, 
and the hydrogenolysis of the ethers to 1,2,4-trimethylbenzene. 

The physical properties of the hydrocarbons are given, and evidence 
is presented for the existence cf two crystalline modifications of 

1.2.4- trimethylbenzene. This work was completed in April 1944. 

DISCUSSION OF SYNTHESIS ; '■/ 

Chloromethylation of m- and ^-xylenes according to the method 
described in reference 4 gave good yields (60 to 65 percent) cf 

2.4- «uid 2, 5-dimethylbenzyl chlorides. Exploratory work Indicated 
that the replacement cf the chlorine atom by an atom of hydrogen 
could bo successfully accomplished in two ways ttryiold the desired 

1.2.4- trimethylbenzene. Slow addition of the dimdthylbenzy 1 
chlorides, diluted with 6 parts of an inert solvent, to sodium 
dissolved in liquid ammonia gave from 60- to 65-porcent conversion 
to 1,2,4-trimethylbenzene. Although this method gave a good product 
and yield, it was time-consuming because suitable equipment for 
handling large quantities of liquid aranonia was unavailable. 

Another method, and tho one chosen for largo-scalo synthesis, 
involved the treatment of tho isomeric dimethylbenzyl chlorides with 
alcoholic sodium hydroxide to produco tho corresponding ethyl 
dimethylbenzyl ethers. High-prossure hydrogenolysis at elevated 
temperatures over copper chromite hydrogenation catalyst cleaved the 
others to give 1,2,4-trimethylbenzone and ethyl alcohol from both 
isomors. (See roferonco 5.) The method of synthesis may bo sum- 
marized schematically as follows: 
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The first chlor cmethylat ion run was made using a mixture of 
m- and p-xylenes obtained from one distillation of commercial xylenes 
through a 2-inch by 26-foot modified stainless -steel Fenske column of 
100 theoretical plates. A 2° cut (137° to 139° C) was taken as 
starting material. On subsequent runs commercial xylenes were used 
directly from the drum without further purification. The only 
observed difference between the first and the subsequent runs was a 
decrease in the yield of the dimethylbenzyl chlorides obtained from 
chloromethylation of the xylenes. This decrease in yield was 
undoubtedly due to the high-boiling material (15 to 20 percent) in 
the commercial xylenes. When unpurified commercial xylenes were 
used as starting material, the over-all yield of 1,2 ,4-tr±methyl- 
benzene was reduced from 35 to 25 percent of the theoretical. 


Since it is theoretically possible for. the chloromethylation 
of m- and p-xylenes to yield three isomeric dimethylbenzyl chlorides, 
which give rise to three trimethylbenzenes, care was taken in the 
purification of the 1,2,4-trimethylbenzene . A single distillation 
of the crude product of hydrogenolysis through a modified Fenske 
column of 100 theoretical plates gave the distillation and the refrac- 
tive index curves shown in figure 1. These curves shew no evidence 
of 1,3,5-trimethylbenzene and from 2 to' 3 percent of 1,2,3-trlmethyl- 
benzene. The 1,2 ,3-trimethylbenzene was easily removed by fractional 
distillation. The physical properties of the three trimethylbenzenes, 
presented in the following table, indicate that the isomeric trimethyl- 
benzenes can be detected and separated from the 1,2,4-trimethylbenzene. 



Compound 

Source 

Freezing 

point 

(°G) 

Boiling 
point , 

(°c) 

Index of 
refrac- 
tion 
20 
n D 

Density 
at 20° C 
(grams/ 
ml) 

1, 2, 4 -Trims thy 1- 
benzene 

Cleveland 

laboratory 

-44.00 

169.4 

1 . 5048 

0.8757 

1,2, 3 -Trim© thy 1- 
bonzene 

Reference 6 

-25.4 

176.1 

a 1.5107 

.8951 

1,3,5 -Tr ime thy 1 - 
benzene 

Reference 6 

-44 . 7 

164.6 

1.4991 

.8653 


a At 25° C. 


The 1, 2,4-trimothy.lbeneene was further purified- hy two more 
fractionations through a column of 100 theoretical plates. Neither 
the boiling point nor the index of refraction was changed hut the 
freezing point was raised 0.2° C. The physical properties of the 
"beet." sample and of the engine sample prepared at the Cleveland 
laboratory are given in the following table together with properties 
reported in reference 6: 


C ampound 

— * J 

Source 

i 

; 

Freezing 

point 

(°G) 

i 

i ' | 

Boiling 
point at 
760 mm 

(°c) 

L - - j 

Refrac- 

tive 

index 

20- 

V 

Density at 
20° C 
(grams/ml) 

1,2, 4 -Trimethyl- i 
benzene (engine 
sample) 

i Cleveland i 
laboratory 

j -44.22 ! 

| 

169.3 
• / 

1.5048 

i 

0.8757 

' 1, 2,'4-Trimethyl - 
benzene ("best" 
sample). 

Cleveland 
1" bpratory 

-44. CO 

1- 

169.4 

1.5048 

.8757 

J 1 i 2, 4-Trimethyi- • 
benzene 

Reference 6 

-44.05 

169.18 

1.5048 

i 

.8762 


Part of the best e, ample prepared at Cleveland was sent to the 
National Bureau of Stench-re's for further purification ard deter- 
mination of- physical properties under the direction of Dr. F. D. 
Rossini, The material as received was. report ter be 99;59 t0 .20 mole 
percent euro. It was further purified at tne National Bureau of 
Standards to a purity of 99.71 ±0,20 mole percent. The. calculated 
freezing point for pure 1,2,4-trimothylbenzene was reported to.be 
-43. ao ±0.07° C. . 
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Figure 2 shove, the freezing. curve for the heat sample of 
1, 2,4-trimethylbenzene obtained at the Cleveland laboratory. The 
curve indicates nonequilibrium conditions. Most of the freezing 
curves obtained at this laboratory for' this aromatic hydrocarbon 
have been similar, and the same difficulty- has been noted “in. the 
literature. (See reference 7.) ; 1 ■ ' " 1 

Inasmuch as the- l'y.2,3- and the 1,3,5-trimothylbenzones' have 
been found to form more than one crystalline modification (refer- 
ence 8), an attempt was mado to obtain more than one crystalline ' 
modification of the 1, 2,4-trimethylbenzene> . Figure S' shows the', 
froozing curves obtained when the hydrocarbon was cooled with and 
without seeding until crystallization occurred.' The oxistenco of 
two distinct plateaus (approximately 5° C apart) in the curve 
obtained without seeding indicates that two' crystalline modifica- 
tions exist and that the lower-melt i ng form is the least stable of 
the two. 


' EZPEEIMSNTAL. DETAILS 

t > r v 

A 14 -gallon: quantity of ' 1, 2, 4-trimethylbonzenc waB prepared 
according to the reactions previously outlined. Typical quantities 
of the reactants and yields of the products are givon in the fol- 
lowing discussion. { ' • • -' 

Chloromethylatlon of xylene . - In a 30 -gallon glass-lined"- 
reactor equipped with stirrer, gab -delivery tube> and reflux con- 
dtensor connected to a wdtdr aspirator, 15.9 kilograms (147 moles)' of 
the distilled xylenes (137° to 139°'C), 10 gallons of tecknical hydro- 
chloric acid (cone.), and>-'3.5 kilograms (121 moles) of paraformaldehyde 
wore mixed with' vigorous : stirring. ' The mixture was heated to a tem- 
perature of 50° to 60° C by- passing hot water through the Jacket 'of 
the reactor. Then 7.9 kilbgrams (217 moles) of anhydfous hydrogon 
chloride was slowly bubbled through the mixture over a' period of 
12 hours 'while a :temperature Of 50° to 60° C and vigorous stirring 
voro maintained . 

At the end of 12 Hours, 'the mixture was cooled to room temper- 
ature and the acid layer drawn off. The same 10 gallons of concen- 
trated hydrochloric acid was used for each run. The oil layer was 
then washed twice with water and once with a saturated solution of 
sodium bicarbonate. The dimethylbenzyl chlorides obtained from 
chlorcmothylation were highly lachrymatory and card was used in 
handling them. No attempt was made to separato the ; -product from" 
the unrcacted xylenes at this stage. ■ - : - * 
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Conversion of- dimethylbenzyl chlorides to ethyl dimethylbenzyl 
ethex 's . - In a stainless -steel reacttxry equipped, with stirrer, 
ref luxe condenser, and dropping funnel, 5.4 kilograms (136 moles) of 
technical sodium hydroxide was added slowly to 4 gallons of ethyl 
alcohol. Care wag' taken to keep the temperature below 70° C. The 
dimethylbenzyl chloride -xylene mixture was added slowly to the 
alcoholic sodium hydroxide solution, while continuous agitation was 
maintained. The rate of addition was adjusted to maintain gentle 
refluxing of the ethyl alcohol. From 4 to 5. hours were required to 
add the dimethylbenzyl chloride -xy lent? mixture, after which the mix- 
ture was stirred under reflux for an additional 4 hours. At the end 
of this period a sample was withdrawn, washed free of chloride salts, 
and tested for halides by the Beilstein copper oxide method. 

The presence of even small traces cf chlorides in the ethyl 
dimethylbenzyl ethers poisoned, the hydrogenation catalyst. The 
presence of chlorides also led 'to polymerization of the ethyl 
dimethylbenzyl ethers at the high temperatures reached during dis- 
tillation. The presence of copper or copper salts at - temperatures 
as low as 80° to 120° C led to polymerization of the dimethylbenzyl 
chlorides with the evolution of hydrogen ■ chloride gas. For these 
reasons care was taken tro have the ethyl dimethylbenzyl ethers free 
of chlorides before attempting distillation. 

In case the material still contained chlorides, additional 
sodium hydroxide was added and the treatment was continued until all 
traces were removed. The reflux condenser was then changed for 
downward distillation and the excess ethyl alcohol distilled. The 
remaining oil was washed with water until free of sodium chloride* and 
unreacted sodium hydroxide, and distillation was continued. The frac 
tion distilling between 210° and 235° C was considered to be ethyl 
dimethylbenzyl ether. The yield, of the crude ethers was 65 percent 
of the' theoretical, based on paraf ormaldehyde as the limiting factor. 
A small' amount of high -boiling residue was left in the distillation 
potr This high-boiling material was thought to be a mixture of 
polyethers resulting from the conversion of polychloromethyl xylenes. 
No attempt was made to verify this supposition. 

A small sample of the isomeric ethers was further purified by 
fractional distillation through a 3-foot packed column for purposes 
of identification: The boiling point of the isomeric mixture was 

221° to 222° G at 750 millimeters of mercury. No attempt was made 
bo separate the isomers, but a carbon and hydrogen analysis was -run 
on the fractionated material. Analysis — Calculated for 
C, 80.49 percent; H, 9.75 percent. Found; C, 79.4-7, 79.46 pe/cent; 
H, 9.79, 9.76' percent. , ‘ . 
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Hy drogepolysis of trie 'ethyl dimethylbenzyl 'others . 1 - The crude 
ethyl dimethylbenzyl _ St hers' tfere converted "by hydrogeiiolysls to 
1,2 , 4-trimethy lbenzene 'This hydrogenolj'sis was carried out in a 
20-liter bomb using 4.3 kilograms of the ethers and 150 grama (3 per- 
cent by weight) of copper chromite hydrogenation catalyst. Hydrogen 
was added to an initial pressure of 1500' pounds per square., inch at 
25° C and the bomb was heated to "300 o - C ds 'rapidly as .possible; 
maximum pressure reached during the- run was 2900 ; pbUnds per square 
inch. The reactants were held at - 300° C with' continuous agitation ■ 
for a period of 6 hours. The heaters were then turned off and the 
bomb cooled by blowing air between the heating jacket and tFe“T>am.b. 

After the bomb ‘had' cooled to ‘room temperature, the excess 
hydrogen was exhausted, the product removed, and the catalyst sepa- 
rated by filtration. Three runs were required to cleave the ethers 
produced from the conversion of the dimethylbenzyl chlorides. The 
product was distilled through a 2-inch by 12-foot modified Fenske 
column of 40 theoretical plates. The fraction boiling between 
167.0° and 168:5° C at' 745 millimeters of' mercury was then distilled 
twice through a 2 -inch by 26-foot modified Fenske oolurnn of 100 
theoretical plates. The yield of 1, 2, 4-trimethy Ibenzene ■ was 60 per- 
cent of the theoretical, based on the crude ethyl dimethylbenzyl 
ethers'. ” ; ■' ■ • : 

Identification of byproducts . ■ - Distillation- of the product of 
hydrogenolysis gave from 23 to 25 perceht by : weight of material dis- 
tilling at 78° to 80° C. Tljis material was identified as ethyl 
alcohol by a positive iodoform test ’and 3, 5-dinitroben-zoate deriva- 
tive with a melting point of 92.5° to 93° C. A mixture of the 

3.5- dlnitrobenzoate derivative with gin authentic sample of this 
material gave no lowering of the melting point Quantitative anal- 
ysis of this low-boiling fraction' by the 'acetylation method described 
in reference 9 indicated that at lekst 90 percent of the material 
was ethyl alcohol.' ‘Calculations on a molar basis showed that within 
experimental error 1 mole of ethyl alcohol was obtained for each 
mole of hydrogenated product, This fact was taken as further evi- 
dence that the product obtained 'f rbm the 'dimbthylben'zyl' chlorides 
was the corresponding ethyl - dimethylbenzyl' 'Others i : ’ "■ 

Analysis of the high-boiling distillation residue showed that 
a small amount of 1 . 2, 4, S-'tetramethylben'zone (durene) -wah also pro- 
duced. This product was separated from t’hfe' oil by’ crystallization 
and was purified by recrystallization from aqueous ethyl alcohol. 

The melting point of the pure' material' wad '799' -to 80° C. The 

3.6- dinitro derivative of the’ hydrocarbon; melted at 204° to 205° C 
after recrysthllization from, ethyl alcohol. '■ The- melting points 
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reported In reference 10 are 79° C for durene and 205° C for its 
dinitro derivative. The presence of durene was attributed to 
dichloromethylation of the xylenes and failure to purify the ethers 
before hydrogeno lysis. 

The remaining high-boiling material was completely soluble in 
cold concentrated sulfuric acid and gave no test for unsaturation, 
indicating that it was aromatic in nature. No further attempt was 
made to characterize this material. 


Aircraft Engine Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, August 23, 1945. 
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